Quantitation of Human Skin Surface Total Free Fatty Acids*  by Kraus, Stephen J.
Several recent investigations of skin surface
free fatty acids (ifa) have been concerned
with their qualitative analysis (1, 2, 3, 4). Gas
chromatography is the usual method for this
type of analysis and the individual fatty acids
are expressed as the percentage of the total
fatty acid content. The quantitative analyses of
skin surface total ifa have mostly been done on
pooled samples from multiple subjects (5, 6).
These quantitative studies have also contained
one or more of the following variables: the
duration during which the lipids had accu-
rnulated before their collection, the exact sur-
face area from which the lipids were collected,
and possible contamination of the collection
site by contact with clothing or the transfer of
lipids from other body areas. Each of these
variables could alter the quantity of surface
ifa since sebum production has an anatomical
variation (7), and the ifa in sebum increase
with the age of the sebum (6).
A microanalytical technique was developed
for the measurement of surface total ifa from a
well-defined area of skin. The ability of the
procedure to quantitate small amounts of ifa
eliminated the need to pool samples. A method
was devised to quantitate ffa accumulation per
unit area and unit time.
This paper outlines these techniques and
reports the reproducibility, specificity and ac-
curacy of the procedure. Also presented are
studies done on human volunteers to determine
the daily and individual variability of skin
surface ifa.
MATERIALS
A. Solvents
Acetone, Spectroquality (Matheson, Cole-
man and Bell)
Ethyl Alcohol, Absolute
Ethyl Ether, Spectro Grade (Fisher)
Heptane, Spectroquality (Matheson, Cole-
man and Bell)
Isopropyl Alcohol, Spectroquality (Mathe-
son, Coleman and Bell)
Methanol, Spectroquality (Matheson, Cole-
man and Bell)
B. Chemicals
Phenol red indicator solution 1% (Fisher)
Sulfuric acid (Fisher)
Tetrabutylammonium hydroxide (Eastman)
C. Reference Standards
Aspartic acid (Sigma)
Citric acid (Sigma)
Glutamic acid (Sigma)
Lactic acid (Sigma)
Myristic acid (Sigma, 99% pure by gas chro-
matography)
Oleic acid (Sigma, 99% pure by gas chroma-
tography)
Oleic-1-C'4 acid (New England Nuclear)
Palmitic acid (Sigma, 99% pure by gas chro-
matography)
Pyruvic acid (Sigma)
METHODS
Collection Solution. Isopropyl alcohol, heptane
and IN sulfuric acid (40:10:1 v/v) were mixed
similar to the procedure used by Dole (8).
Titrant. A stock solution of titrant was pre-
pared by diluting 15 ml of tetrabutylammonium
hydroxide to 100 ml with methanol. A fresh
working solution was prepared daily by diluting
the stock solution 1:20 with methanol (approxi-
mately O.005N).
Indicator Solution. One ml of 1% aqueous
phenol red solution was diluted with 99 ml of
absolute ethanol and 950 ml of heptane.
Fatty Acid Standard. Eight ml of ethyl ether
was added to 0.063 ml of oleic acid in a 200 ml
volumetric flask. Thirty-three ml. of ethyl alcohol
was added followed by distilled water to bring
the volume to 200 ml. The resultant emulsion
contained 1 ueq/ml and was stable for at least
four weeks under refrigeration.
Collection Procedure. For "casual" ifa collec-
tions, no prior skin cleansing was done and a glass
cylinder having a cross sectional area of 62 cm2
was held firmly against the skin of the forehead.
By the use of a volumetric pipette, 3 ml of
collection solution was placed in the cylinder and
allowed to remain in contact with the skin for one
minute. The solution was removed with a second
pipette and transferred to a glass stoppered test
tube. The procedure was repeated with a second 3
ml of collection solution and this was combined
with the first washing. For "three hour" ifa collec-
tions, a 14.5 cm2 area was washed for one minute
three times with 10 ml aliquots of acetone intro-
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duced into a glass cylinder held against the skin.
Three hours later the ifa were collected from the
central 6.2 cm2 by the same technique described
above. Surface ifa collected three hours after
the acetone wash will hereafter be referred to as
a 3-hour Ha value and those collected without
the prior acetone wash will be referred to as casual
ffa va'ues.
Extraction and Titration. From each 6 ml
sample of collection solution containing the ifa,
5 ml was transferred to individual glass stoppered
test tubes. One ml of standard oleic acid was added
to another glass stoppered tube with 5 ml of
collection solution. Four ml of distilled water and
3 ml of heptane were added to each tube which
was then stoppered and shaken vigorously for one
minute. A two—phase system resulted; the water
and isopropyl alcohol were in the lower phase
and the fatty acids in the heptane constituted the
upper phase. The phases separated rapidly without
centrifugation and formed a sharp interface. A
3 ml aliquot of each upper phase was transferred
to individual 16 >< 100 mm test tubes. Indicator
solution (1 ml) was added and mixed with a con-
stant stream of N2 delivered to the bottom of the
tube by a 20 spinal puncture needle. Titrant was
added with a syringe microburet with 1 zl divisions
(Micro-Metro Instrument Co., Cleveland). The
end point color change was from bright yellow
to purple. The /zeq. of ifa in a sample equalled
the product of the uI of titrant used for that
sample and the normality of the titrant. The latter
could be determined from the zl of titrant used
to titrate the standard oleate.
Test of the Precision, of Extraction and Titra-
tion. Into each of 4 glass stoppered test tubes,
0.25 ml of standard oleic acid (.OOIN) was placed.
Similarly 0.50 ml and 1.00 ml were added to four
tubes. Five ml of collection solution, 4 ml of
distilled water and 3 ml of heptane were then
added to each tube, All of the tubes were then
agitated for one minute. A 3 ml aliquot of each
upper heptane phase was titrated with tetrabutyl-
ammonium hydroxide to the phenol red end point.
Test of Fatty Acid Recovery After Aqueous
Extraction. Emulsions of palmitic and myristic
acids were prepared such that I ml of emulsion
contained 1 zeq of acid. One and 2 ml of each
emulsion were shaken with 5 ml of collection
solution, 4 ml of distilled water and 3 ml of
heptane. Three ml of the heptane phase was
titrated as before and the oleic acid emulsion was
used as the standard.
Test of the Specificity of the Extraction and
Titration for Fatty Acids. Five organic acids
present on the skin surface were tested for pos-
sible interference in the extraction and titration of
the ifa. Aqueous solutions were prepared with the
following concentrations: glutamate 8 mg %,
aspartate 8 mg %, pyruvate 4 mg %, citrate 6 mg
%, and lactate 60 mg %. One ml. of each of these
solutions was shaken with 5 ml of collection solu-
tion, 3 ml of distilled water and 3 ml. of heptane.
Three ml of the heptane was titrated as before and
the oleic acid emulsion was used as the standard.
Test of the Effectiveness of the Collection Solu-
tion in Removing Fatty Acids From the Skin
Surface. A 0.QIN solution of oleate-1-C" was
prepared with heptane. The specific activity of
the oleate was 0.2 microcuries/micromole. Fifty
,1 of this solution were pipetted onto the skin of
the two subjects and the heptane allowed to
evaporate. The collection glass cylinder was then
placed over this area and two 3 ml portions of
collection solution added as described for the
routine collection procedure. The washings from
each subject were combined and the radioactivity
of the sample determined in a liquid scintillation
counter. The results were compared to the radio-
activity of 50 /Zl of the stock oleate—1—C14 solution.
Determination of Daily Variability of Skin Sur-
face Free Fatty Acids, The daily variability of
skin surface ff a was studied in 7 volunteer medical
students. The age range in this group of 6 men
and 1 woman was 21 to 30 (mean 23 years). None
of the students had ever used sex hormone medica-
tions and systemic antibiotics had not been used
for at least six months prior to the study.
Ivory® soap was used for washing during the 4
weeks before the collections were made and
cosmetic preparations containing anti-bacterial
substances were not used on the face or scalp for
at least 1 week prior to the collections. Free fatty
acid measurements were made 4 times over a
two-week interval. Collections for casual ifa values
were taken from the left side of the forehead and
collections for three-hour ifa values were taken
from the contralateral side.
Three-hour ifa determinations were also done
over a two-week interval on 7 adult male volun-
teers (ages 18 to 34 with a mean of 26 years)
hospitalized on the dermatology service of the
Cleveland V.A. Hospital. Potential subjects were
excluded from the study if they required topical
treatment of the face, scalp, or neck or if they had
a dermatitis in the area used for the ifa collections.
Dermatologic therapy to the other body areas
consisted of saline compresses or triamcinalone
acetonide cream 0.025% without occlusion. Re-
strictions concerning prior use of antibiotics and
sex hormones were the same as in the student
group. An additional restriction was the elimina-
tion of all cosmetic preparations to the face and
scalp. Ivory® soap was used for washing during
the two weeks before the ifa measurements were
made. Hospitalization allowed for standardization
of each patient's washing schedule, diet and
physical activities. Variations in environmental
temperature, sunlight and wind exposure were
limited by keeping all subjecth in the hospital for
the duration of the study.
Determination of individual Variability of Skin
Surface Free Fatty Acids. Three-hour ffa deter-
minations were done on 30 adult males admitted
to the dermatology service of the V.A. Hospital.
The ages of the men in this group ranged from 21
to 80 with a mean of 41 years. The only reason
for excluding a patient from this study was a
dermatitis in the collection area. No other re-
strictions or controls were utilized.
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RESULTS
Table 1 outlines the reproducibility of the
extraction and titration steps. Good repro-
ducibility was demonstrated for amounts of ffa
usually encountered in this procedure.
In the test of fatty acid recovery after
aqueous extraction, recoveries of 98% and 99%
were obtained for 1 and 2 teq of palmitic
acid respectively. Those for 1 and 2 eq of
myristic acid were 100% and 90% respec-
tively. The ability of the extraction step to
remove other skin surface organic acids which
could interfere with the ffa titration is
shown in Table 2. The upper heptane phase
of tile extraction system, ordinarily containing
the ffa, contained no titratable acid under these
circumstances. Thus, after extraction, ione of
the organic acids tested interfere with the de-
termination of ffa.
Radioactivity measurement of tile oleate-1-
C1' collected after its application to the skin
of the 2 subjects compared to a reference
solution showed recoverabilities of 93% and
94%, confirming the effectiveness of the collec-
tion procedure.
The daily variability of the casual and
three-hour ffa values in the seven medical
students is presented in Table 3. The daily
variability of the three-hour ffa values in the
seven hospitalized subjects is presented in
Table 4.
The three-hour ffa values in the group of
30 adult males ranged from 0.040 to 1.960
teq/6.2 cm2/3 hrs. The mean for the group
was 0.534 and the standard deviation 0.396.
DISCUSSION
A microtitrametric procedure is described
for the quantitation of surface ffa from a
small area of skin. Ereinkel et ci. also employed
TABLE I
Reproducibility of free fatty acid extractions and
titra lions with standard oleic acid emvl.sion
Experiment # 1 2 3
peq of oleic acid 0.25 0.50 100
% of titrations 4 4 4
pI of titrant 14, 15,
15, 16
30, 31,
31, 32
63, 64,
64, 65
Mean amount of 15 31 64
titrant
TABLE H
Amounts tested of other organic acids present on skin
which did not interfere with ffa extraction
and titration
Acid mg /Leq Titratableacid (peq)
Glutamate 0.08 1.08 0
Aspartat.e 0.08 1.20 0
Lactate 0.60 6.60 0
Pyruvate 0.04 0.50 0
Citrate 0 08 0.86 0
a micro technique for measuring skin surface
ffa (9). Their more cumbersome technique
utilized multiple extractions and back extrac-
tions to isolate the fatty acids as compared to
our single extraction. The procedure described
here has the added advantages of a single-
phase non-aqueous titration system (10).
Various variables of the collection, extrac-
tion and titration steps of the procedure were
studied with compounds of known purity.
The collection solution consisting of an acidfied
mixture of heptane and isopropyl alcohol was
found to be highly effective in removing the
fatty acids from the skin surface. Recovery of
oleate-1-C" from the skin surface was 93%
and 94% in two different subjects. The collec-
tion solution did not irritate the skin.
Two functions of the extraction step were
demonstrated: its ability to remove other
organic acids which could interfere with the
fatty acid titration and its ability to recover
the fatty acids removed from the skin by the
collection solution. Lactate, citrate, pyruvate,
aspartate and glutamate were removed by the
extraction step. The heptane layer of the ex-
traction system was shown to contain nearly
all of the myristate and palmitate present in
the collection solution.
Reproducibility of the titration step was de-
pendent on such factors as the clarity of the
end point, the rate at which the end point was
obtained and possible contamination of the
titration with atmospheric CO2. The end point
color change of phenol red from yellow to
purple was rapid and easy to detect. The
problem of CO2 absorption was eliminated by
using a non-aqueous titration system. The
single phase nature of the non-aqueous system
eliminated problems of a two-phase system
CJ
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such as a time lag in the acid-base reaction
and an emulsion of the two phases which can
temporarily mask the end point color. The
practicality of these factors was shown by
high reproducibility of the titration of standard
oleate over the range of acidity usually meas-
ured by the procedure.
The variability of skin surface ffa in the
same individual was considerable. The greatest
variability was seen with casual samples. A
similar variability in casual values was found
in four subjects studied by Freinkel et al.
(9). This variability was reduced if the ffa
were collected three hours after multiple
acetoie washings of the skin. The least varia-
bility was observed when the three-hour col-
lections were done on a group of hospitalized
suhects.
The reasons for the different variabilities of
surface ffa were not studied, but work done
by others does offer some possible explana-
tions. Histochemical (11) and chemical (12)
analysis has shown seburn in the sebaceous
glands contains no ffa. All of the fatty acids
in these glands are esterified principally to
glycerol, forming triglycerides. The ffa are
formed when the ester bonds are later hy-
drolyzed by lipases. A source of such lipase
activity on the skin surface and in the se-
baceous duct is bacterial lipase (13). Esterase
has also been found within the epidermal cells
(14). Like other chemical reactions, the for-
nmtion of ffa from triglycerides should be
regulated by such factors as the quantity of
available substrate, the amount and activity of
the enzyme and the duration the reaction is
allowed to proceed. Relative to the last point,
Nicolaides found the ffa content of seburn was
proportional to the age of the specimen (6).
Several explanations for the greatest variability
in the casual collections might be the variable
amount of sebum triglyceride available for
hydrolysis, the variable time the lipase was in
contact with the triglyceride and the variable
time the ffa were allowed to accumulate. The
acetone washings could stabilize the amount
of ffa present by regulating the amount of
triglyceride available for hydrolysis, regulating
the time the lipase is in contact with the
triglycerides or by removing accumulated ffa.
It is more difficult to speculate why the
three-hour ffa values in the group of hos-
pitalized men had less variability than the
three-hour ffa values in the group of medical
students. Hospitalization did afford some
stabilization of diet, daily activities, hygiene
patterns, and environmental temperature and
wind and sun exposure.
In addition to the daily variability of ffa
values in a single subject, the study demon-
strated a marked individual variation in 30
adult males. Three-hour surface ffa values for
these 30 men ranged from 0.040 to 1.960 p.eq/
6.2 cm2.
SUMMARY
A technique is described for the quantitation
of skin surface total free fatty acids. The
daily variability and iidividual variability of
surface total free fatty acids are presented.
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